Regional Radiative and Climate Effects of Dust in

MENA

Prof. Georgiy Stenchikov
King Abdullah University of Science and Technology
Kingdom of Saudi Arabia
Yoram Kaufman Memorial Symposium

1. Middle East Climate Mechanisms

2. Simulate Regional Climate Using Global Model

3. Simulate Fine-Scale Processes Using WRF-Chem

4. Dust radiative forcing: surface cooling and atmospheric warming

5. Observations at Kaust: Aeronet, MPLNET, MICROTOPS, dust
deposition, dust composition

6. Dust impact on the Red Sea: Radiative cooling and nutrient deposition



o v’
A LA 1 A 11T X - I 3F
1D1aNRGU ‘. usgl}m ISland

Ad Dammam
anama

ahg in

u;JI * Doha

ool @\eddah Port[
Widdah Saudi Arablam

S'Dépt of State Geographer
© 2010 Google Gulf

©2010,Euroj a fechnologies g;y G l .
ﬁ(@g‘w Dog Consulting kB ©2010 008 e

Eye alt 2188.29 km






Brown Booby at the Red Sea




Dust Storm Front Affecting the Saudi capital of
Riyadh, Saudi Arabia, Tuesday, March 10, 2009
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On the 2016 CWTS Leiden Rankings Kaust is #84 on the indicator “Proportion of University’s
Publications Belonging to the Top 10% of the World’s Most Frequently Cited”.
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[Osipov et al., ACP 2015] B09 Ocean B15 Qcean B27 Qcean
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Dust radiative cooling at surface
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(c) Anomalous precipitation rate (DUST -NoDUST) Kg/m?/day
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Red Sea Cruise Aerosol Observations by Multispectral Sunphotometer provided to NASA

Maritime Network (A. Smirnov)
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MODIS-SEVIRI-MICROTPS COMPARISON: Brindley et al., JGR 2015
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DUST MONITORING at KAUST: Cimel Robotic Sunphotometer, NASA AERONET




AEROSOL OPTCAL DEPTH MEASURED AT KAUST CAMPUS SITE IN MARCH 2012
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Micropulse lidar collocated with the Aeronet site
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NASA Langley Balloon campaign (BATAL) in August 2015
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Dust deposition monitoring for closing dust mass balance

Prakash et al., ACP 2016 é\%‘»))}, KAUST
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Mineralogy of monthly deposition samples U= ID KAUST

1

0.

o

0.

)]

0.

'~

0.

N

'é’

O Quartz @ Feldspar M Kaolinite B Calcite B Dolomite M Hematite
B Mn-oxide M Rutile Bl V-pentoxide B Gypsum B Apatite @ Halite
@ Sylvite B Bischofite @ Amm. Sulf @ Amm. Nitr.



Aerosol optical depth calibration
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Fine and Coarse aerosol modes
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Mechanisms of Aerosol Mixing into the Free Troposphere
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Loading, g/m’

Amount of dust above and below PBL top
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Arabian coastal plane is an important dust source in winter
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Simulated transport through Tokar gap: Kalenderski and Stenchikov, JGR 2016
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SEVIRI and MODIS AOD over the Red Sea
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Dust climatology is prescribed. Spectral optical properties of dust
aerosols are computed using Mie. RRTMG radiative transfer code is
used.

Boundary conditions impose “observed” large scale circulation from
ERA-Interim reanalysic

WRF BCs

—— WRFBCs

Framework:

A Coupled Ocean Atmosphere
Wave Sediment Transport
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SUMMARY

NASA aerosol observations open a new horizon in understanding of
dust role in climate system. Yoram’s contribution in this is invaluable

Dust forcing in the source regions on regional level is extremely high
Dust is very effective in causing circulation anomalies

Dust effect on the Red Sea is huge and is not accounted in any model
Regional climate studies do not account for aerosol effect

Dust mass balance is poorly known; observations of dust deposition
and emission are required

Dust radiative, biological, and medical effects are crucially dependent
from dust chemical composition; observations of dust mineralogy and
chemical composition are required



